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Alpine snow depth: an indicator of water availability

Predicting climate variability at the seasonal scale is often challenging at mid-latitudes, and it is even harder to

predict hydrological quantities such as streamflow and water supply (instantaneous fluxes)

In Alpine catchments winter/early spring snowpack is an of water g
availability in the forthcoming dry months; spring snowpack is an “integrator” of
the meteorological conditions over the previous winter, and thus it is probably

more predictable than instantaneous fluxes

In this study we address the following research questions:

1. What is our current ability to predict in November the snowpack
behaviour in the winter/spring season ahead, so that we can infer
information on the water supply in the upcoming spring/summer?2

2. Are we able to anticipate snow extremes, and in particular snow droughts?



Snow model

SNOWPACK

Initialization

November 1st

Purpose of the

Predict snow evolution in winter and spring

prototype
-> estimate of the water available from snow
melt
Users Authorities for water management
(Metropolitan City of Torino, MCT)
Water utilities (SMAT)
Hydropower companies (IREN)
Winter ski resort managers (Monterosa Ski)
Indicators Monthly snow depth & snow water equivalent

When seasonal
forecasts affect
decision making

Provide early information on possible snow &
meltwater shortage
-> early water management plans.




The modeling chain
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Bias Correction, Spatial and
temporal downscaling

SNOWPACK models
1D simulations

Evaluation E" Forecasts of snow depth
real-time with & SWE

station data

Visualization and
dissemination of the

End users

forecasts on the website

http://wilma.to.isac.cnr.it /diss /snowpack /snowseas-enghtml




Evaluation of the prototype: snow depth hindcasts 1995-2015 %

Models: ECMWEFS5, MFS6 250-member daily snow depth forecasts Tercile-based forecast
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Terzago et al., HESS Discussion — https://hess.copernicus.org/preprints/hess-2022-32/



The website

http:/ /wilma.to.isac.cnr.it/diss /snowpack /snowseas-eng.html
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Seasonal model: ECMWF SEAS5
Initialization: 01/11/2010

End forecast time: 31/05/2011
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Browse starting dates (1995-2020)

Tercile-based forecasts

Probability density function of ECMWFS5-SNOWPACK snow depth forecasts, season 2020/2021, station Bocchetta delle Pisse (2410 m a.s.l.)
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Figure 2: Probability density function (PDF) of the ECMWFS5-SNOWPACK monthly mean snow depth forecast for
each month of the season.
Areas in coral, green and light blue color represent the probabilities to have monthly average snow depth below,
near and above the normal conditions, respectively, and the asterisk indicates the most likely tercile. Areas with
blue and red stippling represent the probability to have monthly snow depth below the 10t percentile and above
the 9oth percentile, respectively.

Snow depth forecasts for the season 2020/2021

~ ensemble spread ECMWFS5-SNOWPACK
5-95th percentile Experiment 000
ensemble median Station bocchetta
model climatology (1995-2015)

™ observed climatology (1995-2015)

Snow depth [m]

ensemble members) initialized on November 15t, 2020 and issued for the 7
months ahead, up to May 315, 2021.

green lines represent the
spread of the ensemble
forecast

lines represent the 5-
95th percentile range of the
forecast distribution;
the blue line represents the
ensemble median (median of
the 25 ensemble members)
for the 2020/2021 season;
the dark blue line represents
the model climatology (mean
over the period 1995-2015);
the available station
observations up to today

line) and the

observed climatology (red
line) are reported for
comparison.

Evaluation of the forecasts in real time:
Snow depth observations updated daily
in the period November Tst - May 31st
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Key conclusions:

Initialization November 1, 2020, site of Bocchetta delle Pisse, NW Italian Alps

nss

Forecast details:

® The prototype shows skills at predicting i) the
monthly snow depth tercile with up to 6 months lead

Copernicus Climate Data Store (C35) and we use them to drive the
hsicaly-basedsnow mads! SNOWPACK (Bartlt and Lehning, 2002) in

time, and ii) extreme low-snow seasons;

In particular we estimate the temporal evolution of the snow depth at
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® The prototype can be easily exported and applied
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Figure 1: ECMWF SEASS-SNOWPACK snow depth ensemble forecast (25
P — ey cnsemble members) mitazed on November 1%, 2020 snd s for te 7
months ahead, up to May 31%, 2021.

Tercile-based forecasts
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Figure 2 Probabilty density function (PDF) of the ECMWFSS-SNOWPACK monthly mean snow depth forecast for
‘each month of the season
s in coral, green and light blue color represent the probabilitis to have monthly average snow depth below,
near and above the normal conditions, respectively, and the asterisk indicates the most kel tercle. Areas with
blue and red stippling represent the probabilty to have monthly snow depth below the 10 percentile and above
the 90" percentile, respectively.
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